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WHAT DOES ZODIAC& LIGHT CONSIST OF? 

J. C .  Houzeau 

ABSTRACT. Various hypotheses of t h e  nature of zodia- 
c a l  l i g h t  and i t s  re la t ionship t o  gegenschein a re  discussed. 
Theoretical  conditions attempting t o  compare it t o  comas o r  
t a i l s  of comets are  considered. 

I n  the  two preceding issues we described the  general  appearances of zodia- &') 
c a l  l i g h t  and showed t h a t  the  f a i n t  l i g h t  which const i tutes  it i s  spread out 
along the  o r b i t a l  plane i n  which the  Earth revolves around t h e  Sun. The matter 
from which these f a i n t  l i g h t s  come t o  us i s  therefore s i t ua t ed  i n  or near t h i s  
plane. It accompanies the  Earth i n  i t s  annual revolution and i s  extended, as 
i s  proved by the  existence of gegenschein, along the  radius vector of our planet,  
:.e., along the  s t r a igh t  l i n e  leading from the Sun t o  the  Earth and car r ied  
along i n  the  l a t t e r ' s  motion. 

Now there  i s  only one thing, says Brorsen, which i s  thus l inked t o  the  ex- 
tension of the  radius vector: t h a t  i s  comet t a i l s  ( r e f .  1). This idea, very 
b r i e f l y  expressed i n  1859 by the  German astronomer, has u n t i l  now passed almost 
unnoticed. However, the  more the appearance of zodiacal l i g h t  i s  considered, the  
more the  analogies between t h i s  phenomenon and comet t a i l s  takes hold. There- 
fore, it w i l l  not be out of place t o  examine t h i s  hypothesis more closely. Might 
t h e  existence of an emanation, repelled by the Sun, be more general than has 
h i the r to  been thought, and would it manifest i t s e l f  t o  a s l i g h t  degree fo r  our 
globe a n d e r h a p s  f o r  other planets  as well, as well  as it i s  shown i n  comets? /518 

Venus and the  Moon, f o r  example, have been seen t o  be accompanied under cer-  
t a i n  circumstances by projections of  l i g h t  which had a median plane comparable t o  
t h a t  6f t h e i r  o rb i t ,  and i n  cer ta in  respects had the appearance of t a i l s  o r  comas 
of comets. Such were t h e  shiny rays which Beer and Mgdler noticed one day emana- 
t i n g  from Venus and increasing ( r e f .  2 ) .  
at tached t o  the  lunar disk observed several  times by Holden and named by him 
lunar  zodiacal l i g h t  ( r e f .  3 ) .  It i s  t rue  t h a t  one might ask why these appearances 
a re  v i s i b l e  only i n  spec ia l  cases. We do not intend t o  discuss t h i s  objection; 
however, we w i l l  point  out t h a t  comet t a i l s  undergo unexplainable changes i n  
b r i l l i a n c e  and t h a t  zodiacal l i g h t  weakens and increases again with no apparent 
cause a t  in t e rva l s  of sometimes several  days. The var iable  in t ens i ty  of these 
l i g h t s  might explain how the  most d i f f i c u l t  t o  dis t inguish disappear eas i ly  and 

Such a l so  were the  luminous emanations 

I a re  noticed only i n  cases of  maximum br i l l i ance .  

But l e t  us re turn  t o  the Earth and consider t h e  appearances which a comet- 
l i k e  coma and t a i l  of very low in tens i ty  accompanying our globe would of fe r  i t s  
inhabi tants .  * 

Numbers i n  t h e  margin indicate  or iginal  pagination i n  the  foreign tex t .  
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The emanation i s  produced pr incipal ly  by the port ion of the  heavenly body 
turned from the Sun and then extends along the  sides,  spreading i n  tubular form 
along the  extension of t he  radius vector. 
which r i s e ,  curve and, spreading out, sometimes cover one another. The comet of 
Coggia, so of ten and so capably drawn and even photographed by several  astronomers, 
presented t h i s  arrangement i n  a s t r ik ing  manner. The coma w a s  as i f  composed of 
several  curved and variously extended scales or, i f  you w i l l ,  more-or-less i m -  
b r i ca t e  pe ta l s .  
of a flower. 
some t o  the r igh t ,  others t o  the  l e f t  o f  t h e  nucleus, t o  supply the  t a i l .  
t h i s  the  s t r a t i f i e d  appearance of t h e  coma. 

From the  Sun t h i s  emanation forms j e t s  

/519 
The heavenly body seemed t o  remain i n  the  midst of t he  coro l la  

The emanation escaped i n  eveloping nappes which were directed 
From 

Now, i f  we were placed i n  t h e  comet's nucleus, we would not be able t o  d is -  
t inguish the  coma i t s e l f ,  which would pro jec t  on an i l luminated sky. We would 
only see the  end of these envelopes, beginning with the  inception of t he  t a i l .  
And there  the  appearances would be those of our zodiacal l i g h t .  The imbricate 
leaves would form the layers which const i tute  t h i s  l i g h t :  f i r s t  the  loosest  and 
l e a s t  luminous envelope: t he  "diffuse l ight ' '  of Jones o r  t he  mantel of Heis; 
then the  concentric layers ;  f i n a l l y  i n  the  center t he  densest and most luminous 
j e t :  t he  "stronger l i gh t "  of Jones or the Kern (nucleus) of t he  German observers. 

The b r i l l i a n c e  of comet t a i l s  diminishes proportional t o  the  degree the  
emanation reaches t o  the  extension of the radius vector. 
duced a l so  i n  zodiacal l igh t ,  whose spindles attenuate i n  r e l a t i o n  t o  the  d is -  
tance from the Sun. However, as b r i l l i ance  diminishes i n  t h e  d i rec t ion  of t he  
length, they remain exactly i n  the  o r b i t a l  plane. This i s  a cha rac t e r i s t i c  t ra i t  
of comets. Not only does there  e x i s t  i n  t h i s  regard the  opinion of the  ancients: 
cometarum caudae So l i s  radios effugiunt (comet t a i l s  f l e e  the  rays of the  Sun) as 
wel l  as t he  categorical  affirmation of Apian so of ten quoted, but there  a re  a l so  
the  calculat ions of Brandes and the  recent and au thor i ta t ive  discussion of 
Bredichin, who concludes one of his  in te res t ing  s tudies  on the  composition of 
comets with an aphorism: "Phenomena i n  the  t a i l  develop i n  the  o r b i t a l  plane 
(Les phenomenes de l a  queue s e  dgveloppent dans l e  plan de l ' o r b i t e )  . I 1  

This i s  the  e f f ec t  pro- 

And s o , l e t  us follow i n  the Earth 's  o r b i t a l  plane the  two bands which ex- 
tend from the  two s ides  of OUT globe l i ke  two r o l l e r s  on a pul ley  and are  located 
p a r a l l e l  t o  t he  extension of t he  radius vector.  
bands or s t r i p s  terminate, zodiacal l i gh t  proper, i . e . ,  t he  spindles from the 
East and West, i s  extinguished. 
spindles  i n  OUT eyes, it i s  an e f f ec t  of perspective, s ince the neighboring p a r t  
of t he  horizon i s  much closer  t o  us and must appear much la rger  than the  d i s t an t  
end. 

A t  the spot where these two 
/ 5 2 O  

And i f  these s t r i p s  take on the appearance of 

However, there  ex i s t s  a vague l i g h t  i n  comet t a i l s  between the  two s t r i p s  
or  r i m s  which serves as a t i e .  This i s  t he  very body of the  t a i l  i t s e l f ,  much 
less b r i l l i a n t  than i t s  edges. How should t h i s  intermediate mater ia l  appear? 
I n  t h e  form of a "bridge" which uni tes  the  l a t e r a l  sheathes. 
t h a t  t h i s  bridge i s  a t h i n  lace i n  the  sky. We should r e f e r  especial ly  t o  the  
observations made of it by Schiaparel l i  (3  May 1862), Eyler t  (8  and 9 December 
1873), and Serp ie r i  (12 December 1873). It w i l l  be seen t h a t  t h i s  l i g h t  achieves 
a width of  a dozen degrees and almost matches i n  s i ze  the smaller v e r t i c a l  s ide 
of t h e  square of Orion. 
2 

We must not imagine 



Let us note i n  addition t h a t  from the portion of our globe i n  opposition 
t o  the  Sun, a t  midnight f o r  example, the  v is ib le  ray crosses a length as much 
greater  than the  t a i l  as it i s  less inclined on the  radius vector. I n  looking 
d i r e c t l y  opposite the  Sun, the  eye probes the d i f fuse  matter of the t a i l  and 
follows i t s  grea tes t  length, and it i s  i n  fac t  here t h a t  the  maximum of l igh t ,  
the  gegenschein, i s  observed. The view becomes more oblique i n  proportion t o  
how f a r  t h e  observer moves from t h i s  point  and catches the  t a i l  slantwise: the  
b r i l l i a n c e  should be weaker, which observation i n  f a c t  v e r i f i e s .  

For t he  r e s t ,  there  i s  another reason fo r  the  weak brightness of t he  sect ion 
between the  edges, which i s  t h a t  it i s  located i n  t h e  Earth 's  umbra and can be 
perceived only by i t s  own l i g h t .  Now, experience proves t h a t  t he  spindles from 
the  zodiacal l i gh t ,  i f  they spontaneously emit a l i t t l e  l i gh t ,  nevertheless 
shine i n  la rge  pa r t  from the glow which the Sun diffuses  on the  molecules of 
the  emanation. This i s  what the spectrum and polar iza t ion  a t t e s t  t o  a t  the  
same time. Their spectrum i s  tha t  of the Sun, di f fuse  and weakened. Polariza- 
t i o n  of t h e i r  rays occurs i n  a plane passing by t h i s  heavenly body. Whence 
Arthur Wright concludes t h a t  zodiacal l i g h t  i s  composed of s o l i d  corpuscles which 
a t t r a c t  from the Sun a t  l e a s t  t he  m a j o r  p a r t  of the  b r i l l i ance  with which they 
shine ( r e f .  4 ) .  

I 
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It must be granted t h a t  the  appearances are  represented i n  a remarkable way 
by t h i s  hypothesis. 
cloud of matter around the Sun. The phenomenon of zodiacal l i g h t  merits a l l  the  
a t t en t ion  of astronomers, and no doubt holds a surpr i se  i n  s t o r e  f o r  us. I n  
studying these c e l e s t i a l  l igh ts ,  it i s  no longer a matter of redoing what has 
been at ta ined;  the  a t ten t ion  of observers must proceed t o  the  new points  t o  
c l a r i f y .  As  an example I w i l l  c i t e  the r e l a t i v e  remoteness of the d i f fe ren t  p a r t s  
of t h e  zodiacal l i g h t .  If we were t o  succeed i n  ascertaining, e i the r  by e f f ec t s  
of para l lax  or  by other means, t ha t  t he  f e e t  of the  br ight  pyramids a re  nearer 
than t h e i r  summits o r  i f  t he  r a t i o  of these distances was t o  be determined, t he  
theory of zodiacal l i g h t  would have made a great  advance. If,  on the  other hand, 
photometric measurements permitted establ ishing t h e  thickness of the  luminous 
matter which we have before us i n  the  various pa r t s  of the  "bridge" and of t he  
"gegenschein," what r e su l t s  might not come from these observations? 

We are  qui te  f a r  from the  old explanation which supposed a 

We are i n  the presence of a phenomenon which has remained a vague enigma 
f o r  two centuries.  
1859 has perhaps put  us on a path which need only be followed t o  bear f r u i t .  

But the  day i s  s t a r t i n g  t o  dawn, and the  word by Brorsen i n  
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